pCT/CA9 9/00*9Z^ 

4.02- 0Q 




THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 



^ pp L iCATiOT^mnvmE R T^/ygg , ^ " 

FILING DATE: October 28* 1998 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



By Authority of the 

.COMMISSIONER OF PATENTS AND TRADEMARKS 



N. WOODSON 
Certifying Officer 



mi^MiiiiititiiiiiirnitHHHiiiiitirjjiyji^ 




Please type a plus sign (+) Ins We this box 



n 

<r 
w 

o 



PTO/SB/16 (12»67)/ ■ 
Approved for use through 1/31/98. CMS 0651 40037 ^T m 
Pateot and Trademark Office; U.S. DEPARTMENT OF COMMERCE ■ 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a coflection of Information unless it alsplays a 
valid OMB control number. Q 

PROVISIONAL APPUCA TION FOR PA TENT COVER SHEET 

This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53 (c). 



Given Name (first and middle fit any]) 



Andrew D 
Raymond P 



INVENTOR(S) 



FamBy Namo'or Surname 



Murdin 
Oomen 



Residence 
fCitv and either State or Eon*dm<5owithrt 



146 Rhodes Circle Newmarket 
Ontario, Canada L3X 1V2* 
RR No 1 Schomberg, Ontario, Canada 
LOG 1 T 0 



[""{ Additional inventors are being named on the separately numbered&heats aBachediiieretO} 



. TrTLE OF THE INVENTION (280 characters max) 



Chlamydia Antigens and Corresponding DNA Fragments and Uses Thereof 



Direct ail correspondence tq^_ 

□ 



Customer Number 



CORRESPONDENCE ADDRESS 
► 



Type Customer Number here 



Place Customer Number 
Bar Code Label here 



f— l Firm or 

|jy Individual Name 


Gavin R, Zealey 


Address 


1755 Steeles Ave West 










City 


Toronto 


State* - 


Ontario 


ZIP 


M2R 3T4 


Country 




Telephone 


416-667-2854 


Fax v 


16-667-2860 



ENCLOSED APPLICATION PARTS (check all that apply) 



f^"| Specificaiton>Number of Pages 
X^—OmytftiQfryNumber^ 



*31 



□ 



SmatiiEntityStatemont^ 
>ther4specify) 



METHOD OF PAYMEl^'OF FIUINb FEES FOR TOIS'PROVtSIONAiyAPPtflGAT^GNtroR^PATE^ one) 

□ FILING FEE 
A check or money order is enclosed to cover the filinp/fees AMOUNT ($> 



□ 



The Commissioner is hereby authorized to charge 



X j f ees or credit any overpayment to Deposit Account Number 50-0244 



150.00 



The invention was made by an agency of the United States Government or under a contract with an agency of the 
United States Government 
10 No. 

I 1 yes, the name of the U.S. Government agency and the Government contract number are ; 





Respectfully 
SIGNATURE 

TYPED or PRINTED NAME,: ^vin R. Zealey 
416-667>-285A 



Date 



TELEPHONE.- 



REGISTRATION N0. 
(it appropriate)* < 
Dbcket'Nurnbet^ 



39^475 



USE ONLY FORWlilNG A PR0msm$ABARPmm^tQ0FOR PA TENT 



+ 



Burden Hour Statement: This form Is estimated to take 0.2 hours to complete. Time will vary depending UPC^trwneeds of ttje inoT^ualcase. 
Am/ comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer. Patent and 
tSle^ Office?V^?S^ & S^rOO NCTTSEND FEESOR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Box Provisional 
Application, Assistant Commissioner for Patents, Washington, DC 20231. 



RY41 101998 



TITLE OF INVENTION 

CHLAMYDIA ANTIGENS AND CORRESPONDING DNA FRAGMENTS AND USES 

THEREOF 
FIELD OF INVENTION 
The present invention relates to Chlamydia antigens and corresponding DNA 
molecules, which can be used in methods to prevent and treat Chlamydia infection in mammals, 
such as humans. 

BACKGROUND OF THE INVENTION 

Chlamydiae are prokaryotes. They exhibit morphologic and structural similarities to 
gram-negative bacteria including a trilaminar outer membrane, which contains 
lipopolysaccharide and several membrane proteins that are structurally and functionally 
analogous to proteins found in E colu They are obligate intra-cellular parasites with a unique 
biphasic life cycle consisting of a metabolically inactive but infectious extracellular stage and a 
replicating but non-infectious intracellular stage. The replicative stage of the life-cycle takes 
place within a membrane-bound inclusion which sequesters the bacteria away from the 
cytoplasm of the infected host cell. _ .. . . 

C pneumoniae is a common human pathogen, originally described as the TWAR strain 
of Chlamydia psittaci but subsequently recognised to be a new species. C. pneumoniae is 
antigenically,^enetieal^^ 

trachomatis, C pecorum and G psittaci). It shows 10% or less DNA sequence homology with 
either of C trachomatis or Cpsittaci and so far appears to consist of only a single strain, TWAR. 

C. pneumoniae is a common cause of community acquired pneumonia, only less frequent 
than Streptococcus pneumoniae and Mycoplasma pneumoniae (Ref 1,2). It can also cause upper 
respiratory tract symptoms and disease, including bronchitis and sinusitis (Ref 1,3,4,5). The 
great majority of the adult population (over 60%) has antibodies to C. pneumoniae (Ref 5), 
indicating past infection which was unrecognized or asymptomatic. 

Of considerable importance is the association of atherosclerosis and C. pneumoniae 
infection. There are several epidemiological studies showing a correlation of previous infections 
with C. pneumoniae and heart attacks, coronary artery and carotid artery disease (Ref 6-10). 
Moreover, the organisms has been detected in atheromas and fatty streaks of the coronary, 
carotid, peripheral arteries and aorta (Ref 11-15). Viable C pneumoniae has been recovered 
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from the coronary and carotid artery (Ref 16,17). Furthermore, it has been shown that C 
pneumoniae can induce changes of atherosclerosis in a rabbit model (Ref 18). Taken together, 
these results indicate that it is highly probable that C pneumoniae can cause atherosclerosis in 
humans, though the epidemiological importance of chlamydial atherosclerosis remains to be 
demonstrated^ 

A number of recent studies have also indicated an association Aetweea C. pneumoniae* 
infection and asthma. Infection has been linked to wheezing, asthmatic bronchitis, adult-onset 
asthma and acute exacefbations-of ast^a in adults^and-small^scale studies**have shown that 
prolonged antibiotic treatment was effective at greatly reducing the severity of the disease in 
some individuals (Ref 19-24). 

In light of these results a protective vaccine against C. pneumoniae infection would be of 
considerable importance. There is not yet an effective vaccine for any human chlamydial 
infection. Nevertheless, studies with C trachomatis and C psittaci indicate that this is an 
attainable goal. For example, mice which have recovered from a lung infection with C. 
trachomatis are^prpt^ (R e £ 25). 

Similarly, sheep .immunized^ with ,4naetiyated%C p5//rflG/^were^prote^te^from subsequent 
chlamydial-indueed*abortions,^ 

been assoeiated*wit^^ producing 
XD4^cells,(Re^ 



20 



25 



30 



conferred 4>roteetion^^ j n v j vo 

depletion of CD#»*T :cells*exa^Fbate^ However, the 

presence of sufficiently high titres of neutralising antibody at mucosal surfaces can also exert a 
protective effect (Ref 32). 

The extent of antigenic variation within the species C. pneumoniae is not well 
characterised. Serovars of C. trachomatis are defined on the basis of antigenic variation in 
MOMP, but published C. pneumoniae MOMP gene sequences show no variation between 
several diverse isolates of the organism (Ref 33-35). Regions of the protein known to be 
conserved in other*cWanvydial*^ One 4 study 

has described^ strain-of C.^w^ 

but the gene for*this#has*not#been^ membrane 
protein 2 from ninei^ genes for 
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HSP60 and HSP70 show little variation from other chlamydial species, as would be expected. 
The gene encoding a 76kDa antigen has been cloned from a single strain of C pneumoniae. It 
has no significant similarity with other known chlamydial genes (Ref 4). 

Many antigens recognised by immune sera to C. pneumoniae are conserved across all 
chlamydiae, but 98kDa, 76 kDa and 54 kDa proteins may be C. pneumoniae-specific (Ref 2, 4, 
36). Immunoblotting of isolates with sera from patients does show variation of blotting patterns 
between isolates, indicating that serotypes C. pneumoniae may exist (Ref 1,16). However, the 
results are potentially confounded by the infection status of the patients, since immunoblot 
profiles of a patient's sera change with time post-infection. An assessment of the number and 
relative frequency of any serotypes, and the defining antigens, is not yet possible. 

C. pneumoniae infection usually presents as an acute respiratory disease (i.e., cough, sore 
throat, hoarseness, and fever; abnormal chest sounds on auscultation). For most patients, the 
cough persists for 2 to 6 weeks, and recovery is slow. In approximately 10% of these cases, 
upper respiratory tract infection is followed by bronchitis or pneumonia. Furthermore, during a 
C. pneumoniae epidemic, subsequent co-infection with pneumococcus has been noted in about 
half of these pneumonia patients, particularly in the infirm and the elderly. As noted above, 
there is more and more evidence that C. pneumoniae infection is also linked to diseases other 
than respiratory infections. 



20 there is no known bird or animal reservoir. Transmission has not been clearly defined. It may 
result from direct contact with secretions, from formites, or from airborne spread. There is a long 
incubation period, which may last for many months. Based on analysis of epidemics, C. 
pneumoniae appears to spread slowly through a population (case-to-case interval averaging 30 
days) because infected persons are inefficient transmitters of the organism. Susceptibility to C 

25 pneumoniae is universal. Reinfections occur during adulthood, following the primary infection as 
a child. C. pneumoniae appears to be an endemic disease throughout the world, noteworthy for 
superimposed intervals of increased incidence (epidemics) that persist for 2 to 3 years. 
C.trachomatis infection does not confer cross-immunity to C pneumoniae. Infections are easily 
treated with oral antibiotics, tetracycline or erythromycin (2 g/d, for at least 10 to 14 d). A 

30 recently developed drug, azithromycin, is highly effective as a single-dose therapy against 
chlamydial infections. 
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In most instances, C. pneumoniae infection is often mild and without complications, and 
up to 90% of infections are subacute or unrecognized. Among children in industrialized 
countries, infections have been thought to be rare up to the age of 5 y, although a recent study (E 
Normann et al, Chlamydia pneumoniae in children with acute respiratory tract infections, Acta 
5 Paediatrica^ 1 998|*SWoll»87^Issjil } , ppig3-2-7y fras^ this age group 

show PCR^evidence^of infectionhdespitepbeing T seronegative,-*and*estimates*a prevalence of 47- 
19% in 2-4 y* ©lds^rln ^developing^<eounti?iesv^the SQioptevalene^of C. pneumoniae antibodies 
among young children*is elevated?, and* there /are -suspicipns*^that^ C. pne^g&iae may be an 
important cause of acute lower respiratory tract disease and mortality for infants and children in 

10 tropical regions of the world. 

From seroprevalence studies and studies of local epidemics, the initial C. pneumoniae 
infection usually happens between the ages of 5 and 20 y. In the USA, for example, there are 
estimated to be 30,000 cases of childhood pneumonia each year caused by C. pneumoniae. 
Infections may cluster among groups of children or young adults (e.g., school pupils or military 

15 conscripts). 

C. pneumoniae causes^lO to 25% of community-acquiredJower^respiratoiy-tract infections 
(as reported* from Sweden^Italy^Fiifla^ C. pneumonia 

infection may^accountefor *§O4bi60?$Jtof«tfre cases*e>£pneumorua$Dv^ more 
^pisod^s^f-mix^d-infr^li^ 



20 Reinfection duiiiig adultM on 
population seroprevalence^studies; there tends to be -.increased * exposure^ withage,- which is 
particularly evident among men. Some investigators have speculated that a persistent, 
asymptomatic C pneumoniae infection state is common. 

In adults of middle age or older, C. pneumoniae infection may progress to chronic 

25 bronchitis and sinusitis. A study in the USA revealed that the incidence of pneumonia caused by 
C. pneumoniae in persons younger than 60 years is 1 case per 1,000 persons per year; but in the 
elderly, the disease incidence rose three-fold. C. pneumoniae infection rarely leads to 
hospitalization* except in patients with»an underly ing^illness^ 

SUMMARY OF THE^INVEN.'PION * 

30 The present-invention ^provides purifiedvandwsolated DNX^ molecules -that ^encode 

Chlamydia polypeptides designated CPN 10053 8 (SEQ ID No: 1,2), which- can be-used in 



RY41 101998 



i 



methods to prevent, treat, and diagnose Chlamydia infection. The encoded polypeptides include 

polypeptides having the amino acid sequence shown in SEQ ID No:3. Those skilled in the art 

will appreciate that the invention also includes DNA molecules that encode mutants and 

derivatives of such polypeptides, which result from the addition, deletion, or substitution of non- 

5 essential amino acids as described herein. The invention also includes RNA molecules 

corresponding to the DNA molecules of the invention. 

In addition to the DNA and RNA molecules, the invention includes the corresponding 

polypeptides and monospecific antibodies that specifically bind to such polypeptides. 

The present invention has wide application and includes expression cassettes, vectors, 

10 and cells transformed or transfected with the polynucleotides of the invention. Accordingly, the 

present invention provides (i) a method for producing a polypeptide of the invention in a 

recombinant host system and related expression cassettes, vectors, and transformed or transfected 

cells; (ii) a live vaccine vector, such as a pox virus, Salmonella typhimurium, or Vibrio cholerae 

vector, containing a polynucleotide of the invention, such vaccine vectors being useful for, e.g., 

O 15 preventing and treating Chlamydia infection, in combination with a diluent or carrier, and related 

pharmaceutical compositions and associated therapeutic and/or prophylactic methods; (iii) a 

therapeutic and/or prophylactic method involving administration of an RNA or DNA molecule of 
I 

2 the invention, either in a naked form or formulated with a delivery vehicle, a polypeptide or 

I U= 

Q combination— of — polypeptidesr^r — a — monospecific— antibody— of— tfae^nventionj —aad^^lated^ 

*Ji 20 pharmaceutical compositions; (iv)a method for diagnosing the presence of Chlamydia in a 

I 

*S biological sample, which can involve the use of a DNA or RNA molecule, a monospecific 

I fn 

antibody, or a polypeptide of the invention; and (v) a method for purifying a polypeptide of the 
m invention by antibody-based affinity chromatography. 

[ BRIEF DESCRIPTION OF THE DRAWINGS 

25 The present invention will be further understood from the following description with 

reference to the drawings, in which: 

Figure 1 shows the nucleotide sequence of the CPN1 00538 (SEQ ID No: 1 - entire 

sequence and SEQ ID No: 2 - coding sequence) and the deduced amino acid sequence of the 

CPN100538 protein from Chlamydia pneumoniae (SEQ ID No: 3). 
I 30 Figure 2 shows the restriction enzyme analysis of the gene encoding the C. 

pneumoniae CPN100538 gene. 
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DETAILED DESCRIPTION OF INVENTION 

In the C. pneumoniae genome, open reading frames (ORFs) encoding chlamydial 
polypeptides have been identified. These polypeptides include polypeptides permanently found 
in the bacterial membrane structure, polypeptides that are present in the external vicinity of the 
5 bacterial membrane^include^polypeptides^peiro *he.ainclusion membrane* 

structure, polypeptideseithat^are^present in the.extemak+weinity ;of the**inelusion membrane, and 
polypeptides*that*are?released into*the cytoplasm>of the*infeeted*eell* ^ TH&seinply peptides^ can be 
used in vaccination*methods*for prew^ 

According to a first aspect of the invention, there are provided isolated 
10 polynucleotides encoding the precursor and mature forms of Chlamydia polypeptides. 

An isolated polynucleotide of the invention encodes (i) a polypeptide having an 
amino acid sequence that is homologous to a Chlamydia amino acid, the Chlamydia amino acid 
_ sequence being selected from the group consisting of: 

M5 

€3 (a) the amino acid sequences as shown: (SEQ ID No: 3) 

O 15 The termi&isolated^polynuGleotidelus defined»asva^ppl>^ueleQtide|removed^from the 

environment in which it naturally occurs. For examplg;*a natui^ly^ecundng^DNA molecule 



+! present in the^genome^of a living *baeteria*or as pait^f a gene bankvis.;not^isolated, butethe same 

fy 

a molecule separatedfrfromtfiheremain^^ cloning 



i y 



-event^mplifieation)^^^solat^ 
20 regions codiiig*regi0J^^ end, in the* 

naturally occumng*genome&* Such-4solated^polynucleotides^could^e part of a vector or a 
composition and still be isolated in that such a vector or composition is not part of its natural 
environment. 

A polynucleotide of the invention can be in the form of RNA or DNA (e.g., cDNA, 
25 genomic DNA, or synthetic DNA), or modifications or combinations thereof. The DNA can be 
double-stranded or single-stranded, and, if single-stranded, can be the coding strand or the non- 
coding (anti-sense) strand. The sequence that encodes a polypeptide of the invention as shown in 
SEQ ID NOs:. X and>2, can be (a) the €oding*^uenjg€u§s shov^^in-SJEQjiP .NO:2, (b)a 
ribonucleotide sequenceaderived by^transcriptiomofr(a) 4 ;*or (c^a different^CQdjbng v §equenee; this 
30 latter, as a residt of th3 same 
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polypeptides as the DNA molecules of which the nucleotide sequences are illustrated in SEQ ID 
NOszl to 2. 

By "polypeptide" or "protein" is meant any chain of amino acids, regardless of length 
or post-translational modification (e.g., glycosylation or phosphorylation). Both terms are used 
interchangeably in the present application. 

By "homologous amino acid sequence" is meant an amino acid sequence that differs 
from an amino acid sequence shown in SEQ ID No: 3, only by one or more conservative amino 
acid substitutions, or by one or more non-conservative amino acid substitutions, deletions, or 
additions located at positions at which they do not destroy the specific antigenicity of the 
polypeptide. 

Preferably, such a sequence is at least 75%, more preferably 80%, and most 
preferably 90% identical to an amino acid sequence shown in SEQ ID No: 3. 

Homologous amino acid sequences include sequences that are identical or 
substantially identical to an amino acid sequence as shown in SEQ ID No:3. By "amino acid 
sequence substantially identical" is meant a sequence that is at least 90%, preferably 95%, more 
preferably 97%, and most preferably 99% identical to an amino acid sequence of reference and 
that preferably differs from the sequence of reference, if at all, by a majority of conservative 
amino acid substitutions. 



m 



20 acids of the same class. These classes include, for example, amino acids having uncharged polar 
side chains, such as asparagine, glutamine, serine, threonine, and tyrosine; amino acids having 
basic side chains, such as lysine, arginine, and histidine; amino acids having acidic side chains, 
such as aspartic acid and glutamic acid; and amino acids having nonpolar side chains, such as 
glycine, alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan, and 

25 cysteine. 

Homology is typically measured using sequence analysis software (e.g., Sequence 
Analysis Software Package of the Genetics Computer Group, University of Wisconsin 
Biotechnology Center, 1710 University Avenue, Madison, WI 53705). Similar amino acid 
sequences are aligned to obtain the maximum degree of homology (i.e., identity). To this end, it 
30 may be necessary to artificially introduce gaps into the sequence. Once the optimal alignment 
has been set up, the degree of homology (z.e., identity) is established by recording all of the 
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positions in which the amino acids of both sequences are identical, relative to the total number of 
positions. 

Homologous polynucleotide sequences are defined in a similar way. Preferably, a 
homologous sequence is one that is at least 45%, more preferably 60%, and most preferably 85% 
identical to (i) a codingi^q ~ 

Polypeptides^having^a sequence- homologous to one*of ihe^sequen^s^shojyn^in SEQ 
ID NO: 3, include naturally-occurring allelic variants, as welkas mutants*or^any>otheF-non- 
naturally occiuTing variants thafcare^ 
sequence as shown in SEQ ID NO: 3. 

As is known in the art, an allelic variant is an alternate form of a polypeptide that is 
characterized as having a substitution, deletion, or addition of one or more amino acids that does 
not alter the biological function of the polypeptide. By "biological function" is meant the 
function of the polypeptide in the cells in which it naturally occurs, even if the function is not 
necessary for the growth or survival of the cells. For example, the biological function of a porin 
is to allow the*enti^4nt©iGeU^ 

function* is distinet^from* ^the^antigenicr function^ A polyp^ptidejiican u haxe^more .than one 
biological fun&tipn >im 
Allele 

prcgi^ wmg,^s-usu^y^ by minor- 

allelie^ariations*^^ different 
strains can have*an aminojt^idfsjquen^^^ each u of <*he» strains. Such an 

allelic variation may be equally reflected at the polynucleotide level. 

Support for the use of allelic variants of polypeptide antigens comes from, e.g., 
studies of the Chlamydial MOMP antigen. The amino acid sequence of the MOMP varies from 
strain to strain, yet cross-strain antibody binding plus neutralization of infectivity occurs, 
indicating that the MOMP, when used as an immunogen, is tolerant of amino acid variations. 

Polynucleotides, e.g., DNA molecules, encoding allelic variants can easily be 
retrieved by pol^mei^ej<cha^ DNA extracted 

by conventipnal*methods#^TM*s«nvolves^the^use^of synthetic^ 
upstream«and?downstre^ 

designed according? the^nufj^^^ and«fi. 

8 
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Typically, a primer can consist of 10 to 40, preferably 15 to 25 nucleotides. It may be also 
advantageous to select primers containing C and G nucleotides in a proportion sufficient to 
ensure efficient hybridization; e.g., an amount of C and G nucleotides of at least 40%, preferably 
50% of the total nucleotide amount. 

Useful homologs that do not naturally occur can be designed using known methods 
for identifying regions of an antigen that are likely to be tolerant of amino acid sequence changes 
and/or deletions. For example, sequences of the antigen from different species can be compared 
to identify conserved sequences. 

Polypeptide derivatives that are encoded by polynucleotides of the invention include, 
e.g., fragments, polypeptides having large internal deletions derived from full-length 
polypeptides, and fusion proteins. 

Polypeptide fragments of the invention can be derived from a polypeptide having a 
sequence homologous to any of the sequences shown in SEQ ID NO: 3, to the extent that the 
fragments retain the substantial antigenicity of the parent polypeptide (specific antigenicity). 
Polypeptide derivatives can also be constructed by large internal deletions that remove a 
substantial part of the parent polypeptide, while retaining specific antigenicity. Generally, 
polypeptide derivatives should be about at least 12 amino acids in length to maintain 
antigenicity. Advantageously, they can be at least 20 amino acids, preferably at least 50 amino 

acidsrmore preferably at least^75^amino acids, and most^?referably-aHeast-l^&-a a^Q^acids4n^ 

m 20 length. 

Useful polypeptide derivatives, e.g., polypeptide fragments, can be designed using 
computer-assisted analysis of amino acid sequences in order to identify sites in protein antigens 
having potential as surface-exposed, antigenic regions (Ref 37). 

Polypeptide fragments and polypeptides having large internal deletions can be used 
25 for revealing epitopes that are otherwise masked in the parent polypeptide and that may be of 
importance for inducing a protective T cell-dependent immune response. Deletions can also 
remove immunodominant regions of high variability among strains. 

It is an accepted practice in the field of immunology to use fragments and variants of 
protein immunogens as vaccines, as all that is required to induce an immune response to a 
30 protein is a small (e.g., 8 to 10 amino acid) immunogenic region of the protein. This has been 
done for a number of vaccines against pathogens other than Chlamydia. For example, short 

9 
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synthetic peptides corresponding to surface-exposed antigens of pathogens such as murine 
mammary tumor virus, peptide containing 1 1 amino acids; (Ref 38), Semliki Forest virus, 
peptide containing 16 amino acids (Ref 39), and canine parvovirus, 2 overlapping peptides, each 
containing 15 amino acids (Ref 40), have been shown to be effective vaccine antigens against 

5 their respACtiv^pjatKo^nSfc 

PolynuGleotidesmenGodirigttpoLypeptideiilfi^gments and^polj^ptides^hawigv-. large 
intemabdeletionsucan»be*Gonstracted*us 41), for*example#«by PCR, 

including 4 inveree*P€R*t)y«restriction*e or by the 

method of Kunkel et aL (Ref 42) biological material available at Stratagene. 

10 A polypeptide derivative can also be produced as a fusion polypeptide that contains a 

polypeptide or a polypeptide derivative of the invention fused, e.g., at the N- or C-terminal end, 
to any other polypeptide (hereinafter referred to as a peptide tail). Such a product can be easily 
obtained by translation of a genetic fusion, z.e., a hybrid gene. Vectors for expressing fusion 
polypeptides are commercially available, such as the pMal-c2 or pMal-p2 systems of New 

1 5 England*Bi3iabs^m<^ maltoseabinding^ijrotei^ 

transferase system? of^Eharmacia^or the/ His^ag^sys^m .available vfrom^Novjagen. These and 
other*expressjpn*systemstpro^de^ and 
deriyati^es^^ffie^nyOTtionwii 
AnothCTwpartictU^^ 



fi i 



m 20 



25 



30 



polypepti'de*©rapolyq^ti^ 

activity, -sueh^as,HC^>^ u fe4ini^B qf eitherfeGho^ eoli heatrlabile toxin. Several 

possibilities are can be used for achieving fusion. First, the polypeptide of the invention can be 
fused to the N-, or preferably, to the C-terminal end of the polypeptide having adjuvant activity. 
Second, a polypeptide fragment of the invention can be fused within the amino acid sequence of 
the polypeptide having adjuvant activity. 

As stated above, the polynucleotides of the invention encode Chlamydia polypeptides 
in precursor or mature form. They can also encode hybrid precursors containing heterologous 
signaLpsptides, which can-mature into, polypeptides^ the inxej%1ion«^ 
peptide&ns meantea signal*peptidei»that is *notvfound*in the^ a 
polypeptide>o6thfelinventidn^ 



10 
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A polynucleotide of the invention, having a homologous coding sequence, hybridizes, 
preferably under stringent conditions, to a polynucleotide having a sequence as shown in SEQ ID 
NOs:l to 2. Hybridization procedures are, e.g., described in Ausubel et aL, (Ref 41), Silhavy et 
al. (Ref 43); Davis et ah (ref 44). Important parameters that can be considered for optimizing 

5 hybridization conditions are reflected in a formula that allows calculation of a critical value, the 
melting temperature above which two complementary DNA strands separate from each other Ref 
45). This formula is as follows: Tm = 81.5 + 0.5 x (% G+C) + 1.6 log (positive ion 
concentration) - 0.6 x (% formamide). Under appropriate stringency conditions, hybridization 
temperature (Th) is approximately 20 to 40°C, 20 to 25°C, or, preferably 30 to 40°C below the 

10 calculated Tm. Those skilled in the art will understand that optimal temperature and salt 
conditions can be readily determined empirically in preliminary experiments using conventional 
procedures. 

For example, stringent conditions can be achieved, both for pre-hybridizing and 
hybridizing incubations, (i) within 4-16 hours at 42°C, in 6 x SSC containing 50% formamide or 
15 (ii) within 4-16 hours at 65°C in an aqueous 6 x SSC solution (1 M NaCl, 0.1 M sodium citrate 
(PH7.0)). 

For polynucleotides containing 30 to 600 nucleotides, the above formula is used and 
then is corrected by subtracting (600/polynucleotide size in base pairs). Stringency conditions 
are^efined^a^ -i haHs ^^4^^ below^Rn^ 



rj-s 



£ 20 Hybridization conditions with oligonucleotides shorter than 20-30 bases do not 

exactly follow the rules set forth above. In such cases, the formula for calculating the Tm is as 
follows: Tm = 4 x (G+C) + 2 (A+T). For example, an 18 nucleotide fragment of 50% G+C 
would have an approximate Tm of 54°C. 

A polynucleotide molecule of the invention, containing RNA, DNA, or modifications 
25 or combinations thereof, can have various applications. For example, a DNA molecule can be 
used (i) in a process for producing the encoded polypeptide in a recombinant host system, (ii) in 
the construction of vaccine vectors such as poxviruses, which are further used in methods and 
compositions for preventing and/or treating Chlamydia infection, (iii) as a vaccine agent (as well 
as an RNA molecule), in a naked form or formulated with a delivery vehicle and, (iv) in the 
30 construction of attenuated Chlamydia strains that can over-express a polynucleotide of the 
invention or express it in a non-toxic, mutated form. 
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According to a second aspect of the invention, there is therefore provided (i) an 
expression cassette containing a DNA molecule of the invention placed under the control of the 
elements required for expression, in particular under the control of an appropriate promoter; (ii) 
an expression vector containing an expression cassette of the invention; (iii) a procaryotic or 

5 eucaryotic ceik transformedaor transfeeted* with^ of the 

invention,?, as jyell as <iv) a process- for produeingna polypeptide ^pr ^polypeptide derivative 
encoded*<by *a polynucleotide of the invention, -which** involves ^.eultudngma procaryotic or 
eucaryotic cell transformed or transfected with an expression cassette *and/or vector of the 
invention, under conditions that allow expression of the DNA molecule of the invention and, 

10 recovering the encoded polypeptide or polypeptide derivative from the cell culture. 

A recombinant expression system can be selected from procaryotic and eucaryotic 
hosts. Eucaryotic hosts include yeast cells (e.g., Saccharomyces cerevisiae or Pichia pastoris), 
mammalian cells (e.g., COS1, NIH3T3, or JEG3 cells), arthropods cells (e.g., Spodoptera 
frugiperda (SF9) cells), and plant cells. Preferably, a procaryotic host such as E. coli is used. 

15 Bacterial*and >eucaryotie*eells are*available*£rc^ those- skilled in 

the art, e.g., the American-Type Culture Collection (ATCC; Rockville^Ma^land). 

The?ehoies of the*e^ the expressed 
polypeptides For example^ttit ma$^b.e aisefW*t0Mpro^ in a 
particular-lipida^ 



pj 20 The^choiee*of-theVexpressfo as well 

as the features desired for the expressed polypeptide; Typically, an expression cassette -includes 

Til 

a promoter that is functional in the selected host system and can be constitutive or inducible; a 
ribosome binding site; a start codon (ATG) if necessary, a region encoding a signal peptide, e.g., 
a lipidation signal peptide; a DNA molecule of the invention; a stop codon; and optionally a 3' 

25 terminal region (translation and/or transcription terminator). The signal peptide encoding region 
is adjacent to the polynucleotide of the invention and placed in proper reading frame. The signal 
peptide-encoding region can be homologous or heterologous to the DNA molecule encoding the 
mature polypeptide andsean-.be spe^ific^to the*seerejtion apparatus^of the host^used for expression. 
The open reading jframe constitu^ ©^together* 

30 with the signal <pepti r dfe,fcis pl^ed*under#thaic;ontrbllib'f thefcpromoter«so #a^anscriptipn and^ 
translation occur in the host system. Promot^^ignal^ep^e ^ncq^in^^gipns are widely 
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known and available to those skilled in the art and includes, for example, the promoter of 
Salmonella typhimurium (and derivatives) that is inducible by arabinose (promoter araB) and is 
functional in Gram-negative bacteria such as E. coli (as described in U.S. Patent No. 5,028,530 
and in Cagnon et al, (Ref 46); the promoter of the gene of bacteriophage T7 encoding RNA 
5 polymerase, that is functional in a number of E. coli strains expressing T7 polymerase (described 
in U.S. Patent No. 4,952,496); OspA lipidation signal peptide ; and RlpB lipidation signal 
peptide (Ref 47). 

The expression cassette is typically part of an expression vector, which is selected for 
its ability to replicate in the chosen expression system. Expression vectors {e.g., plasmids or 
10 viral vectors) can be chosen from those described in Pouwels et aL (Cloning Vectors: A 
Laboratory Manual 1985, Supp. 1987). They can be purchased from various commercial 
sources. 

Methods for transforming/transfecting host cells with expression vectors will depend 
on the host system selected as described in Ausubel et al. y (Ref 41). 
Qr 15 Upon expression, a recombinant polypeptide of the invention (or a polypeptide 

% derivative) is produced and remains in the intracellular compartment, is secreted/excreted in the 

J: extracellular medium or in the periplasmic space, or is embedded in the cellular membrane. The 

fi I 

s polypeptide can then be recovered in a substantially purified form from the cell extract or from 

he-sqpemaimt-afta^ 

20 polypeptide can be purified by antibody-based affinity purification or by any other method that 
can be readily adapted by a person skilled in the art, such as by genetic fusion to a small affinity 
binding domain. Antibody-based affinity purification methods are also available for purifying a 
polypeptide of the invention extracted from a Chlamydia strain. Antibodies useful for purifying 
by immunoaffinity the polypeptides of the invention can be obtained as described below. 
25 A polynucleotide of the invention can also be useful in the vaccine field, e.g., for 

achieving DNA vaccination. There are two major possibilities, either using a viral or bacterial 
host as gene delivery vehicle (live vaccine vector) or administering the gene in a free form, e.g., 
inserted into a plasmid. Therapeutic or prophylactic efficacy of a polynucleotide of the invention 
can be evaluated as described below. 
30 Accordingly, in a third aspect of the invention, there is provided (i) a vaccine vector 

such as a poxvirus, containing a DNA molecule of the invention, placed under the control of 



fes* 

m 



13 



RY41 101998 



elements required for expression; (ii) a composition of matter containing a vaccine vector of the 
invention, together with a diluent or carrier; particularly, (iii) a pharmaceutical composition 
containing a therapeutically or prophylactically effective amount of a vaccine vector of the 
invention; (iv) a method for inducing an immune response against Chlamydia in a mammal {e.g., 
5 a human; alternatively^* 'the-. methoji^qan, M be -used in yeterinary ^applications -for treating or 
pxevmtm^€hlamydia4n{ce^emof animals^ e.g:, cats^or birds^ which^invplv,es*administering to 
the mammalian immunQgeniQallylsffeetive amounfcof a vaGeinevvector^ of thelinvention to elicit 
an immune response,^. #. v> a pro£eeti>e*or therapey^ and 
particularly, (v) a method for preventing and/or treating a Chlamydia (e.g., C. trachomatis, C. 
10 psittaci, C. pneumonia, C. pecorum) infection, which involves administering a prophylactic or 
therapeutic amount of a vaccine vector of the invention to an individual in need. Additionally, 
the third aspect of the invention encompasses the use of a vaccine vector of the invention in the 
preparation of a medicament for preventing and/or treating Chlamydia infection. 

A vaccine vector of the invention can express one or several polypeptides or 

Q 15 derivatives iof the 4nventiont 'as well»as at least ^one, additiphaU C/i/am^J/a^tigen, fragment, 

m 

ft homolog, mutant, or derivative thereof. In addition, it can expressia cytokine, such as 

£ interleukin-2 (IL-2) or interleukin*l-2 (Il>12), that .enhances .the, immune*^esponse « (adjuvant 

HI 

* effect). Thus, a vaccine;^ a 

- q chlamydial^tigen^r a^ey^^ 

%% 20 in a mammalian celtefcv 

m Alteraatively^a composition^of the ^invention ^ean*include several^vaccine vectors, 

each of them being capable of expressing a polypeptide or derivative of the invention. A 
composition can also contain a vaccine vector capable of expressing an additional Chlamydia 
antigen, or a subunit, fragment, homolog, mutant, or derivative thereof; or a cytokine such as IL- 
25 2 or IL-12. 

In vaccination methods for treating or preventing infection in a mammal, a vaccine 
vector of the invention can be administered by any conventional route in use in the vaccine field, 
particularly, to a mucosal (e.g., ocular,, intranasal, oral, gastric, pulmonary, intestinal, rectal, 
vaginal, or urinary tract)* surface- or -via, the parenteral^- subcutaneous, intradermal, 
30 intramuscular, intravenous, or intraperitoneal) route. ^Preferred.routes dependnipon the choice of 
the vaccine vector. The%dmMst^t^ 
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The appropriate dosage depends on various parameters understood by skilled artisans such as the 
vaccine vector itself, the route of administration or the condition of the mammal to be vaccinated 
(weight, age and the like). 

Live vaccine vectors available in the art include viral vectors such as adenoviruses 
and poxviruses as well as bacterial vectors, e.g., Shigella, Salmonella, Vibrio cholerae, 
Lactobacillus, Bacille bilie de Calmette-Guerin (BCG), and Streptococcus. 

An example of an adenovirus vector, as well as a method for constructing an 
adenovirus vector capable of expressing a DNA molecule of the invention, are described in 
U.S. Patent No. 4,920,209. Poxvirus vectors that can be used include, e.g., vaccinia and canary 
pox virus, described in U.S. Patent No. 4,722,848 and U.S. Patent No. 5,364,773, respectively 
(also see, e.g., Tartaglia et al, Virology (1992) 188:217) for a description of a vaccinia virus 
vector; and Taylor et al, Vaccine (1995) 13:539 for a reference of a canary pox). Poxvirus 
vectors capable of expressing a polynucleotide of the invention can be obtained by homologous 
recombination as described in Kieny et al, Nature (1984) 312:163 so that the polynucleotide of 
the invention is inserted in the viral genome under appropriate conditions for expression in 
mammalian cells. Generally, the dose of vaccine viral vector, for therapeutic or prophylactic use, 
can be of from about lxlO 4 to about lxlO 11 , advantageously from about 1x1 0 7 to about lxlO 10 , 
preferably of from about lxlO 7 to about lxlO 9 plaque-forming units per kilogram. Preferably, 
-vird^ectors-are-adm mist c r e d pnr e ntftrnlly; for FixampteH^ - doseSy^veeks apart. Ihose-skille c 



in the art recognize that it is preferable to avoid adding a chemical adjuvant to a composition 
containing a viral vector of the invention and thereby minimizing the immune response to the 
viral vector itself. 

Non-toxicogenic Vibrio cholerae mutant strains that are useful as a live oral vaccine 
are described in Mekalanos et al, Nature (1983) 306:551 and U.S. Patent No. 4,882,278 (strain 
in which a substantial amount of the coding sequence of each of the two ctxA alleles has been 
deleted so that no functional cholerae toxin is produced); WO 92/1 1354 (strain in which the irgA 
locus is inactivated by mutation; this mutation can be combined in a single strain with ctxA 
mutations); and WO 94/1533 (deletion mutant lacking functional ctxA and attRSl DNA 
sequences). These strains can be genetically engineered to express heterologous antigens, as 
described in WO 94/19482. An effective vaccine dose of a Vibrio cholerae strain capable of 
expressing a polypeptide or polypeptide derivative encoded by a DNA molecule of the invention 
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can contain, e.g., about 1x10 s to about lxl 0 9 , preferably about lxl 0 6 to about lxl 0 8 viable 
bacteria in an appropriate volume for the selected route of administration. Preferred routes of 
administration include all mucosal routes; most preferably, these vectors are administered 
intranasally or orally. 

Attenuated*Ste/m0«e//a^^^ recombinant 
expression of heterologous- antigens or not, and* their use#as oral«**vaeeines*arei*described in 
Nakayamae/ al (Bio/Technology^(1988) 6:693) and WO 92^1361 v Preferred^routes of 
administration include all mucosal routes; most preferably? these vectors^are administered 
intranasally or orally. 

Others bacterial strains useful as vaccine vectors are described in High et aL 9 EMBO 
(1992) 1 1:1991 and Sizemore et aL, Science (1995) 270:299 (Shigella flexneri); Medaglini et al., 
Proc. Natl. Acad. Sci. USA (1995) 92:6868 (Streptococcus gordonii); and Flynn J.L., Cell. Mol. 
Biol. (1994) 40 (suppl. I):31, WO 88/6626, WO 90/0594, WO 91/13157, WO 92/1796, and WO 
92/2 1 376 (Bacille Calmette Guerin). 

In bacterirf*vectei^ 
genome or can remain in a free>state^£amed»on a plasmid.- 

An adj 5 uyant,can,dsOjibe ; adie < cUto a, composition^cpntaining*^ 
A number of adjuvants»areiknown*to»those^ 
- fiem ti ie -l ist pro vided4^1owf^ — 



ftj 
m 



20 Accordiifg4tom%fo^ acomposition 

of matter containing^a polynucleotide: of the invention, together^with^a, diluent or carrier-; (ii) a 
pharmaceutical composition containing a therapeutically or prophylactically effective amount of 
a polynucleotide of the invention; (iii) a method for inducing an immune response against 
Chlamydia, in a mammal, by administering to the mammal, an immunogenically effective 

25 amount of a polynucleotide of the invention to elicit an immune response, e.g., a protective 
immune response to Chlamydia; and particularly, (iv) a method for preventing and/or treating a 
Chlamydia (e.g., C trachomatis, C psittaci, C. pneumoniae, or C. pecorum) infection, by 
administering** prophylaetic>or therapeutic*amo>unUof a polynucleotide an 
individual in need. .Additionally^ a 

30 polynucleotide^ theaiivv^ 

Chlamydia infection. TH^foui%asp^ use of a DNA 
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molecule placed under conditions for expression in a mammalian cell, e.g., in a plasmid that is 
unable to replicate in mammalian cells and to substantially integrate in a mammalian genome. 

Polynucleotides (DNA or RNA) of the invention can also be administered as such to a 
mammal for vaccine, e.g., therapeutic or prophylactic, purpose. When a DNA molecule of the 
invention is used, it can be in the form of a plasmid that is unable to replicate in a mammalian 
cell and unable to integrate in the mammalian genome. Typically, a DNA molecule is placed 
under the control of a promoter suitable for expression in a mammalian cell. The promoter can 
function ubiquitously or tissue-specifically. Examples of non-tissue specific promoters include 
the early Cytomegalovirus (CMV) promoter (described in U.S. Patent No. 4,168,062) and the 
Rous Sarcoma Virus promoter (described in Norton & Coffin, Molec. Cell Biol. (1985) 5:281). 
The desmin promoter (Li et aL, Gene (1989) 78:243, Li & Paulin, J. Biol. Chem. (1991) 
266:6562 and Li & Paulin, J. Biol. Chem. (1993) 268:10403) is tissue-specific and drives 
expression in muscle cells. More generally, useful vectors are described, la., WO 94/21797 and 
Hartikka et aL, Human Gene Therapy (1996) 7:1205. 

For DNA/RNA vaccination, the polynucleotide of the invention can encode a 
precursor or a mature form. When it encodes a precursor form, the precursor form can be 
homologous or heterologous. In the latter case, a eucaryotic leader sequence can be used, such as 
the leader sequence of the tissue-type plasminogen factor (tPA). 

-A-eompositkm of the inve ntio n can co nt ain one or several polynucleotides of the^ 



85 



20 invention. It can also contain at least one additional polynucleotide encoding another Chlamydia 
antigen such as urease subunit A, B, or both; or a fragment, derivative, mutant, or analog thereof. 
A polynucleotide encoding a cytokine, such as interleukin-2 (IL-2) or interleukin-12 (IL-12), can 
also be added to the composition so that the immune response is enhanced. These additional 
polynucleotides are placed under appropriate control for expression. Advantageously, DNA 

25 molecules of the invention and/or additional DNA molecules to be included in the same 
composition, can be carried in the same plasmid. 

Standard techniques of molecular biology for preparing and purifying polynucleotides 
can be used in the preparation of polynucleotide therapeutics of the invention. For use as a 
vaccine, a polynucleotide of the invention can be formulated according to various methods. 

30 First, a polynucleotide can be used in a naked form, free of any delivery vehicles, 

such as anionic liposomes, cationic lipids, microparticles, e.g., gold microparticles, precipitating 
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agents, e.g., calcium phosphate, or any other transfection-facilitating agent. In this case, the 
polynucleotide can be simply diluted in a physiologically acceptable solution, such as sterile 
saline or sterile buffered saline, with or without a carrier. When present, the carrier preferably is 
isotonic, hypotonic, or weakly hypertonic, and has a relatively low ionic strength, such as 
provided by a sucrosesolution* e.g., a solution containing v 20% sucrose. 

Alternatively, a polynucleotide can be associated- with agents that: assist in cellular 
uptake. It can be, /.a, (i) complemented with a chemical agent that modifies tthe cellular 
permeability, such as bupivacaine (see, e.g., WO 94/16737), (ii) encapsulateddnto liposomes, or 
(iii) associated with cationic lipids or silica, gold, or tungsten microparticles. 

Anionic and neutral liposomes are well-known in the art (see, e.g., Liposomes: A 
Practical Approach, RPC New Ed, IRL press (1990), for a detailed description of methods for 
making liposomes) and are useful for delivering a large range of products, including 
polynucleotides. 

Cationic lipids are also known in the art and are commonly used for gene delivery. 
Such lipids include^ipofectm 1 *? Slsofknown^as DOTMA (N-[M2,3-dioleyloxy)propyl]-N,N,N- 
trimethylammonium chloride), DOTAP (l>bis(oleyloxy)-3.(trimethyIammonio)propane), 
DDAB (dimethyldioctadecylammonium bromide), DOGS' (dioctadecylamidologlycyl spermine) 
and cholesterol^ derkati^^ beta^^^N'-dimethyl; aminqmethane)- 

-carba moyl) chol e ster o l ). A desGription Qf-these^cationiQ lipids can be f ou n d i n_EP„L8.7 > 7fl2,, 
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WO 90/1 1092; U.S. Patei^ WO 9S/26M6^and U.S. Patent 

No. 5,527,928. Cationic lipids.for gene^deliveryrarespreferably used in association with a neutral 
lipid such as DOPE (dioleyl phosphatidylethanolamine), as, for example, described in 
WO 90/11092. 

Other transfection-facilitating compounds can be added to a formulation containing 
cationic liposomes. A number of them are described in, e.g., WO 93/18759, WO 93/19768, WO 
94/25608, and WO 95/2397. They include, La. 9 spermine derivatives useful for facilitating the 
transport of DNA through the nuclear membrane (see, for example, WO 93/18759) and 
membrane-penneabilizing, compounds such as GALA, Gramicidine S, and cationic bile , salts 
(see, for example* W©:33/1 9768^ ; 

Gdld/drfcuBg^ described in 

WO 91/359, W®r93/4770^an^^ In 'this,; case, the 
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microparticle-coated polynucleotides can be injected via intradermal or intraepidermal routes 
using a needleless injection device ("gene gun"), such as those described in U.S. Patent 
No. 4,945,050, U.S. Patent No. 5,015,580, and WO 94/24263. 

The amount of DNA to be used in a vaccine recipient depends, e.g., on the strength of 
the promoter used in the DNA construct, the immunogenicity of the expressed gene product, the 
condition of the mammal intended for administration (e.g., the weight, age, and general health of 
the mammal), the mode of administration, and the type of formulation. In general, a 
therapeutically or prophylactically effective dose from about 1 ^g to about 1 mg, preferably, 
from about 10 [ig to about 800 ng and, more preferably, from about 25 jag to about 250 ng, can 
be administered to human adults. The administration can be achieved in a single dose or 
repeated at intervals. 

The route of administration can be any conventional route used in the vaccine field. 
As general guidance, a polynucleotide of the invention can be administered via a mucosal 
surface, e.g., an ocular, intranasal, pulmonary, oral, intestinal, rectal, vaginal, and urinary tract 
surface; or via a parenteral route, e.g., by an intravenous, subcutaneous, intraperitoneal, 
intradermal, intraepidermal, or intramuscular route. The choice of the administration route will 
depend on, e.g., the formulation that is selected. A polynucleotide formulated in association with 
bupivacaine is advantageously administered into muscles. When a neutral or anionic liposome or 
^attonkrii pid, such -a s DOTMA or DC-Choi, is used, the formulation can he advantageousl y 



20 injected via intravenous, intranasal (aerosolization), intramuscular, intradermal, and 
subcutaneous routes. A polynucleotide in a naked form can advantageously be administered via 
the intramuscular, intradermal, or sub-cutaneous routes. 

Although not absolutely required, such a composition can also contain an adjuvant. If 
so, a systemic adjuvant that does not require concomitant administration in order to exhibit an 

25 adjuvant effect is preferable such as, e.g., QS21, which is described in U.S. Patent No. 5,057,546. 

The sequence information provided in the present application enables the design of 
specific nucleotide probes and primers that can be useful in diagnosis. Accordingly, in a fifth 
aspect of the invention, there is provided a nucleotide probe or primer having a sequence found 
in or derived by degeneracy of the genetic code from a sequence shown in SEQ ID NO:l to 2. 

30 The term "probe" as used in the present application refers to DNA (preferably single 

stranded) or RNA molecules (or modifications or combinations thereof) that hybridize under the 
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stringent conditions, as defined above, to nucleic acid molecules having sequences homologous 
to those shown in SEQ ID NOs:l and 2, or to a complementary or anti-sense sequence. 
Generally, probes are significantly shorter than full-length sequences shown in SEQ ID NOs:l 
and 2; for example, they can contain from about 5 to about 100, preferably from about 10 to 

5 about 80-nuete<stides!lfi^ at 
least 85%, more preferably 95% homologous to a portion of a sequence *as*shown?in SEQ ID 
NOs:l and 2 or that are complementary to such sequences. Probes can*, eontain*modified bases 
such as inosine, methyl-Srdeoxyc>ytidine, deo^juridine, dim^yl|^ or 
diamino-2, 6-purine. Sugar or phosphate residues can also be modified or substituted. For 

10 example, a deoxyribose residue can be replaced by a polyamide (Nielsen et aL 9 Science (1991) 
254:1497) and phosphate residues can be replaced by ester groups such as diphosphate, alkyl, 
arylphosphonate and phosphorothioate esters. In addition, the 2'-hydroxyl group on 
ribonucleotides can be modified by including, e.g., alkyl groups. 

Probes of the invention can be used in diagnostic tests, as capture or detection probes. 

1 5 Such capture*prdbes*ean^ or indirectly, 

by covalent meaner by ^passive adsorption. A detection^probe^ean Jbe labelled by a detection 
marke%selectf^ 
and<en2^eSfable«oA^^ 
that are chromogcmcfflutiroge^ 

20 Pi&be^litlfel^ such 

as dot blot (Mam^i3^4^^olecul^lomng^ I^afe^QS^to^^98^)|f old. Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York), Southern blot (Southern, J. MoL Biol. (1975) 
98:503), northern blot (identical to Southern blot to the exception that RNA is used as a target), 
or the sandwich technique (Dunn et al. 9 Cell (1977) 12:23). The latter technique involves the use 

25 of a specific capture probe and/or a specific detection probe with nucleotide sequences that at 
least partially differ from each other. 

A primer is usually a probe of about 10 to about 40 nucleotides that is used to initiate 
enzymatic, polymen^tipn^of DNA in an amplifi^ation^pro^ss .(e.g,, PCR),*in an elongation 
process* or in*avreve*se*traroeiaption»^ PGR, primers 

30 can be labelleaw** 
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Thus, the invention also encompasses (i) a reagent containing a probe of the invention 
for detecting and/or identifying the presence of Chlamydia in a biological material; (ii) a method 
for detecting and/or identifying the presence of Chlamydia in a biological material, in which (a) a 
sample is recovered or derived from the biological material, (b) DNA or RNA is extracted from 
the material and denatured, and (c) exposed to a probe of the invention, for example, a capture, 
detection probe or both, under stringent hybridization conditions, such that hybridization is 
detected; and (iii) a method for detecting and/or identifying the presence of Chlamydia in a 
biological material, in which (a) a sample is recovered or derived from the biological material, 
(b) DNA is extracted therefrom, (c) the extracted DNA is primed with at least one, and preferably 
two, primers of the invention and amplified by polymerase chain reaction, and (d) the amplified 
DNA fragment is produced. 

As previously mentioned, polypeptides that can be produced upon expression of the 
newly identified open reading frames are useful vaccine agents. 

Therefore, a sixth aspect of the invention features a substantially purified polypeptide 
or polypeptide derivative having an amino acid sequence encoded by a polynucleotide of the 
invention. 

A "substantially purified polypeptide" is defined as a polypeptide that is separated 
from the environment in which it naturally occurs and/or that is free of the majority of the 
polypeptides that are present in the e nvironment in which it was synthesized. For example, a 



30 



substantially purified polypeptide is free from cytoplasmic polypeptides. Those skilled in the art 
will understand that the polypeptides of the invention can be purified from a natural source, i.e., a 
Chlamydia strain, or can be produced by recombinant means. 

Homologous polypeptides or polypeptide derivatives encoded by polynucleotides of 
the invention can be screened for specific antigenicity by testing cross-reactivity with an 
antiserum raised against the polypeptide of reference having an amino acid sequence as shown in 
SEQ ID NOs:3. Briefly, a monospecific hyperimmune antiserum can be raised against a purified 
reference polypeptide as such or as a fusion polypeptide, for example, an expression product of 
MBP, GST, or His-tag systems or a synthetic peptide predicted to be antigenic. The homologous 
polypeptide or derivative screened for specific antigenicity can be produced as such or as a 
fusion polypeptide. In this latter case and if the antiserum is also raised against a fusion 
polypeptide, two different fusion systems are employed. Specific antigenicity can be determined 
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according to a number of methods, including Western blot (Towbin et al. y Proc. Natl. Acad. Sci. 
USA (1979) 76:4350), dot blot, and ELISA, as described below. 

In a Western blot assay, the product to be screened, either as a purified preparation or 
a total E. coli extract, is submitted to SDS-Page electrophoresis as described by Laemmli (Nature 

5 (1970) 227:680). After transfer to a nitrocellulose membrane, the materiaLis further incubated 
with the monospecific hyperimmune antiserum diluteddn the range of dilutions from about 1:5 to 
about 1:5000, preferably from about 1:100 to about 1:500. Specific antigenicity is shown once a 
band corresponding to the product exhibits reactivity at any of the dilutions in the above range. 

In an ELISA assay, the product to be screened is preferably used as the coating 

10 antigen. A purified preparation is preferred, although a whole cell extract can also be used. 
Briefly, about 100 (il of a preparation at about 10 ^g protein/ml are distributed into wells of a 96- 
well polycarbonate ELISA plate. The plate is incubated for 2 hours at 37°C then overnight at 
4°C. The plate is washed with phosphate buffer saline (PBS) containing 0.05% Tween 20 
(PBS/Tween buffer). The wells are saturated with 250 ^1 PBS containing 1% bovine serum 

15 albumin (BSA) to prevent non-specific antibody, binding. After 1 hour incubation at 37°C, the 
plate is washed with PBS/Tween buffer. The antiserum is serially diluted in PBS/Tween buffer 
containing 0.5% BSA.' 100 fil of dilutipns-are^added per: well. The*plate is incubated for 
90 minutes at 37°C, washed and evaluatedraccordingrto standard ^procedures' For example, a 
g oat anti - rab b it peroxidase c o njugat e i s added to the-wells wh en speci fi c a n t i b odi e s wer e raised 



20 in rabbits. Incubation is carried out for-90 minutes*at 3.7°C and thesplate*is~washed. The reaction 
is developed with the appropriate substrate- andv the reaction is measured by colorimetry 
(absorbance measured spectrophotometrically). Under the above experimental conditions, a 
positive reaction is shown by O JX values greater than a non immune control serum. 

In a dot blot assay, a purified product is preferred, although a whole cell extract can 

25 also be used. Briefly, a solution of the product at about 100 ng/ml is serially two-fold diluted in 
50 mM Tris-HCl (pH 7.5). 100 \A of each dilution are applied to a nitrocellulose membrane 0.45 
^m set in a 96-well dot blot apparatus (Biorad). The buffer is removed by applying vacuum to 
the system. Wells are washed by addition of 50 mM Tris-HCl (pH 7.5) and the membrane is air- 
dried. The membrane is saturated ^ blocking buffer, (50 mM Tris-HCl (pH* 7.5) 0.15 M NaCl, 

30 10 g/L skim milk) ^d incubatedr with an antisei^ dilution from ^ to about 1:5000, 

preferably, about 1:500. TKe reaction is reveded^according^to standardftprocedures. For example, 



22 



RY41 101998 



10 



15 



a goat anti-rabbit peroxidase conjugate is added to the wells when rabbit antibodies are used. 
Incubation is carried out 90 minutes at 37°C and the blot is washed. The reaction is developed 
with the appropriate substrate and stopped. The reaction is measured visually by the appearance 
of a colored spot, e.g., by colorimetry. Under the above experimental conditions, a positive 
reaction is shown once a colored spot is associated with a dilution of at least about 1:5, 
preferably of at least about 1:500. 

Therapeutic or prophylactic efficacy of a polypeptide or derivative of the invention 
can be evaluated as described below. 

According to a seventh aspect of the invention, there is provided (i) a composition of 
matter containing a polypeptide of the invention together with a diluent or carrier; in particular, 
(ii) a pharmaceutical composition containing a therapeutically or prophylactically effective 
amount of a polypeptide of the invention; (iii) a method for inducing an immune response against 
Chlamydia in a mammal, by administering to the mammal an immunogenically effective amount 
of a polypeptide of the invention to elicit an immune response, e.g., a protective immune 
response to Chlamydia; and particularly, (iv) a method for preventing and/or treating a 
Chlamydia (e.g., C trachomatis. C psittqci, C. pneumoniae, or C pecorum) infection, by 
administering a prophylactic or therapeutic amount of a polypeptide of the invention to an 
individual in need. Additionally, the seventh aspect of the invention encompasses the use of a 
polypepti de nf the invention in the pr e p a r a tion of a m e dica ment fo r preven ting and/or treatin g. 



fll 



m 



20 Chlamydia infection. 

The immunogenic compositions of the invention can be administered by any 
conventional route in use in the vaccine field, in particular to a mucosal (e.g., ocular, intranasal, 
pulmonary, oral, gastric, intestinal, rectal, vaginal, or urinary tract) surface or via the parenteral 
(e.g., subcutaneous, intradermal, intramuscular, intravenous, or intraperitoneal) route. The 

25 choice of the administration route depends upon a number of parameters, such as the adjuvant 
associated with the polypeptide. For example, if a mucosal adjuvant is used, the intranasal or 
oral route will be preferred and if a lipid formulation or an aluminum compound is used, the 
parenteral route will be preferred. In the latter case, the sub-cutaneous or intramuscular route is 
most preferred. The choice can also depend upon the nature of the vaccine agent. For example, 

30 a polypeptide of the invention fused to CTB or LTB will be best administered to a mucosal 
surface. 
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A composition of the invention can contain one or several polypeptides or derivatives 
of the invention. It can also contain at least one additional Chlamydia antigen, or a subunit, 
fragment, homolog, mutant, or derivative thereof. 

For use in a composition of the invention, a polypeptide or derivative thereof can be 
5 formulated into or with liposdmes,*.preferabiy neutral or- Wioh& liposomes, microspheres, 
ISCOMSp or virus-like^paitieles^(VLPs) to facilitate- del iMery and/or^enhanee- the ^ immune^ 
response. These compounds are* readily available to one *skillea*«in>ttiewart^for example, see 

Liposomes: A PractiQ^lj^Pprp^h^wp^)- 

Adjuvants other than liposomes and the like can also be used and are known in the 

10 art. A appropriate selection can conventionally be made by those skilled in the art, for example, 
from the list provided below. 

Administration can be achieved in a single dose or repeated as necessary at intervals 
as can be determined by one skilled in the art. For example, a priming dose can be followed by 
three booster doses at weekly or monthly intervals. An appropriate dose depends on various 

15 parameters includtagttfte^ route 
and frequency ofcadmimsto^ type*of-adjuyantf#andtithe desired effect 

(e.g., protection*an^r*t^ In general, a 

vaccine antigemof^ about 
1 0 |ig tp^about^Ormg^^ 



20 administration^thefdosenisu^ ^ 

WKeftimedta^H^ invention can 

be used sequentially as part of a multistep immunization process. For example, a mammal can 
be initially primed with a vaccine vector of the invention such as a pox virus, e.g., via the 
parenteral route, and then boosted twice with the polypeptide encoded by the vaccine vector, e.g., 

25 via the mucosal route. In another example, liposomes associated with a polypeptide or derivative 
of the invention can also be used for priming, with boosting being carried out mucosally using a 
soluble polypeptide or derivative of the invention in combination with a mucosal adjuvant (e.g., 
LT). 

A poiyR^tjdeMderiw^^ ,for 
30 detecting the -presence^ 
are about 5 to aMbftfgjBJI^^ 
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or unlabeled, depending upon the diagnostic method. Diagnostic methods involving such a 
reagent are described below. 

Upon expression of a DNA molecule of the invention, a polypeptide or polypeptide 
derivative is produced and can be purified using known laboratory techniques. For example, the 
5 polypeptide or polypeptide derivative can be produced as a fusion protein containing a fused tail 
that facilitates purification. The fusion product can be used to immunize a small mammal, e.g., a 
mouse or a rabbit, in order to raise antibodies against the polypeptide or polypeptide derivative 
(monospecific antibodies). The eighth aspect of the invention thus provides a monospecific 
antibody that binds to a polypeptide or polypeptide derivative of the invention. 
10 By "monospecific antibody" is meant an antibody that is capable of reacting with a 

unique natural ly-occumng Chlamydia polypeptide. An antibody of the invention can be 
polyclonal or monoclonal. Monospecific antibodies can be recombinant, e.g., chimeric (e.g., 
constituted by a variable region of murine origin associated with a human constant region), 
humanized (a human immunoglobulin constant backbone together with hypervariable region of 
15 animal, e.g., murine, origin), and/or single chain. Both polyclonal and monospecific antibodies 
can also be in the form of immunoglobulin fragments, e.g., F(aby2 or Fab fragments. The 
antibodies of the invention can be of any isotype, e.g., IgG or IgA, and polyclonal antibodies can 
be of a single isotype or can contain a mixture of isotypes. 

-The antibodies of the invention , which are Taised to a polypeptide or polyj a ept jd e. 



20 derivative of the invention, can be produced and identified using standard immunological assays, 
e.g., Western blot analysis, dot blot assay, or ELISA (see, e.g., Coligan et aL, Current Protocols 
in Immunology (1994) John Wiley & Sons, Inc., New York, NY). The antibodies can be used in 
diagnostic methods to detect the presence of a Chlamydia antigen in a sample, such as a 
biological sample. The antibodies can also be used in affinity chromatography methods for 

25 purifying a polypeptide or polypeptide derivative of the invention. As is discussed further 
below, such antibodies can be used in prophylactic and therapeutic passive immunization 
methods. 

Accordingly, a ninth aspect of the invention provides (i) a reagent for detecting the 
presence of Chlamydia in a biological sample that contains an antibody, polypeptide, or 
30 polypeptide derivative of the invention; and (ii) a diagnostic method for detecting the presence of 
Chlamydia in a biological sample, by contacting the biological sample with an antibody, a 
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polypeptide, or a polypeptide derivative of the invention, such that an immune complex is 
formed, and by detecting such complex to indicate the presence of Chlamydia in the sample or 
the organism from which the sample is derived. 

Those skilled in the art will understand that the immune complex is formed between a 
5 componenfcof the*sample*and*^ whichever*is 
used, and 4hatany^unboundtmatsrid*^^ can*be 
easily understood* a poLyp§ptidetreagent*ris useful*for*det$cti 

antibodies in a sample, e.g., a blood sample, while an antibody * of tfie invention^an fee used for 
screening a sample, such as a gastric extract or biopsy, for the presence of Chlamydia 
10 polypeptides. 

For use in diagnostic applications, the reagent (i.e., the antibody, polypeptide, or 
polypeptide derivative of the invention) can be in a free state or immobilized on a solid support, 
such as a tube, a bead, or any other conventional support used in the field. Immobilization can 
be achieved using direct or indirect means. Direct means include passive adsorption (non- 
15 covalent binding)^r<eovalent*^^^ 

is meant .that an anti;reage^cpmppjind-thatsintemets wiA a reagejattis *&^attached -to the solid 
support.*tFor exampjg,^if a..ppJj^g^^<ieagQa%ig aised^an*an^ it|can^serve as 

an anti-reagent,'-pr^de of 
untibodies-in^iolQgi^samplesr r Ind^ n 1 so-employ, a 1 i gand?recepto^sy stem, for 3 



20 
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30 



example, a molecule*s;ueh*to*a*vdt^ and the 

corresponding receptor, can be^immobilized on*the*solid*phase^TffiWs illusjrated by the biotin- 
streptavidin system. Alternatively, indirect means can be used, e.g., by adding to the reagent a 
peptide tail, chemically or by genetic engineering, and immobilizing the grafted or fused product 
by passive adsorption or covalent linkage of the peptide tail. 

According to a tenth aspect of the invention, there is provided a process for purifying, 
from a biological sample, a polypeptide or polypeptide derivative of the invention, which 
involves carrying out antibody-based affinity chromatography with the biological sample, 
wherein the*antibody#is*a^ 

Fo* use*in*a*purific^^ polyclonal or 

monospecific and^ 

antiserum using stan^d^me%^ sup^f% Conventional' 
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chromatography supports, as well as standard methods for grafting antibodies, are disclosed in, 
e.g., Antibodies: A Laboratory Manual, D. Lane, E. Harlow, Eds. (1988). 

Briefly, a biological sample, such as an C pneumoniae extract, preferably in a buffer 
solution, is applied to a chromatography material, preferably equilibrated with the buffer used to 
dilute the biological sample so that the polypeptide or polypeptide derivative of the invention 
(i.e., the antigen) is allowed to adsorb onto the material. The chromatography material, such as a 
gel or a resin coupled to an antibody of the invention, can be in batch form or in a column. The 
unbound components are washed off and the antigen is then eluted with an appropriate elution 
buffer, such as a glycine buffer or a buffer containing a chaotropic agent, e.g., guanidine HC1, or 
high salt concentration (e.g., 3 M MgCl 2 ). Eluted fractions are recovered and the presence of the 
antigen is detected, e.g., by measuring the absorbance at 280 nm. 

An antibody of the invention can be screened for therapeutic efficacy as described as 
follows. According to an eleventh aspect of the invention, there is provided (i) a composition of 
matter containing a monospecific antibody of the invention, together with a diluent or carrier; (ii) 
a pharmaceutical composition containing a therapeutically or prophylactically effective amount 
of a monospecific antibody of the invention, and (iii) a method for treating or preventing a 
Chlamydia (e.g., C. trachomatis, C psittaci, C pneumoniae or C. pecorum) infection, by 
administering a therapeutic or prophylactic amount of a monospecific antibody of the invention 
-to^an i ndi vi^""* ™ n ^ed^-Addi tionally, the e l e venth as p e ct of t h e i n vent i o n encompasses the use 



2( 20 of a monospecific antibody of the invention in the preparation of a medicament for treating or 
'm preventing Chlamydia infection. 

To this end, the monospecific antibody can be polyclonal or monoclonal, preferably 
of the IgA isotype (predominantly). In passive immunization, the antibody can be administered 
to a mucosal surface of a mammal, e.g., the gastric mucosa, e.g., orally or intragastrically, 
25 advantageously, in the presence of a bicarbonate buffer. Alternatively, systemic administration, 
not requiring a bicarbonate buffer, can be carried out. A monospecific antibody of the invention 
can be administered as a single active component or as a mixture with at least one monospecific 
antibody specific for a different Chlamydia polypeptide. The amount of antibody and the 
particular regimen used can be readily determined by one skilled in the art. For example, daily 
30 administration of about 100 to 1,000 mg of antibodies over one week, or three doses per day of 
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about 100 to 1,000 mg of antibodies over two or three days, can be an effective regimens for 
most purposes. 

Therapeutic or prophylactic efficacy can be evaluated using standard methods in the 
art, e.g., by measuring induction of a mucosal immune response or induction of protective and/or 
therapeutic immunity,- usingf^.g., theC pneiamoniae*mouse* model . Those skilled in the art will 
recognize jthafcthe C. pneumoniae strain of the model can, be replaced^yithwanother Chi amydia 
strain. For example, the efficacy of DNA moIecules-and:polypeptides from C pneumoniae is 
preferably evaluated in a mouse model using an C. pneumoniae* straim Protection can be 
determined by comparing the degree of Chlamydia infection to that of a control group. 
Protection is shown when infection is reduced by comparison to the control group. Such an 
evaluation can be made for polynucleotides, vaccine vectors, polypeptides and derivatives 
thereof, as well as antibodies of the invention. 

Adjuvants useful in any of the vaccine compositions described above are as follows. 

Adjuvants for parenteral administration include aluminum compounds, such as 
aluminum hydroxide 5 aluminum^ phosphate* The antigen can 

be precipitated with, or adsorbed onto, the aluminum compound according, to standard protocols. 
Other adjuvants,* such as RIBF (ImmunoChem, Hamilton, ,MT)7- can be used in parenteral 
administrations 

A d jtrrante^^ratt^ c holer a tox i n — 

(CT), the £ c-o// heaMaMe#te^ toxin 
(PT), or combinations; subunits; toxoids* qr mutants thereofi For example? a purified preparation 
of native cholera toxin subunit B (CTB) can be of use. Fragments, homologs, derivatives, and 
fusions to any of these toxins are also suitable, provided that they retain adjuvant activity. 
Preferably, a mutant having reduced toxicity is used. Suitable mutants are described, e.g., in WO 
95/17211 (Arg-7-Lys CT mutant), WO 96/6627 (Arg-192-Gly LT mutant), and WO 95/34323 
(Arg-9-Lys and Glu-129-GIy PT mutant). Additional LT mutants that can be used in the 
methods and compositions of the invention include, e.g., Ser-63-Lys, Ala-69-Gly, Glu-110-Asp, 
and Glu-1 12- Asp, mutants. Other adjuvants, such., as a bacterial monophosphoryl lipid A 
(MPLA) of, e.g,; E. coli, Salmonella minnesota&Salmonella typhimunium^or Shigella flexneri; 
saponins, or polylactidea glycolid^^ mucosal 
administration. 
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Adjuvants useful for both mucosal and parenteral administrations include 
polyphosphazene (WO 95/2415), DC-choI (3 b-(N-(N^N'-dimethyl aminomethane)-carbamoyl) 
cholesterol; U.S. Patent No. 5,283,185 and WO 96/14831) and QS-21 (WO 88/9336). 

Any pharmaceutical composition of the invention, containing a polynucleotide, a 
polypeptide, a polypeptide derivative, or an antibody of the invention, can be manufactured in a 
conventional maimer. In particular, it can be formulated with a pharmaceutical^ acceptable 
diluent or carrier, e.g., water or a saline solution such as phosphate buffer saline. In general, a 
diluent or carrier can be selected on the basis of the mode and route of administration, and 
standard pharmaceutical practice. Suitable pharmaceutical carriers or diluents, as well as 
pharmaceutical necessities for their use in pharmaceutical formulations, are described in 
Remington's Pharmaceutical Sciences, a standard reference text in this field and in the USP/NF. 

The invention also includes methods in which Chlamydia infection, are treated by 
oral administration of a Chlamydia polypeptide of the invention and a mucosal adjuvant, in 
combination with an antibiotic, an antacid, sucralfate, or a combination thereof. Examples of 
such compounds that can be administered with the vaccine antigen and the adjuvant are 
antibiotics, including, e.g., macrolides, tetracyclines, and derivatives thereof (specific examples 
of antibiotics that can be used include azithromycin or doxicyclin or immunomodulators such as 
cytokines or steroids. In addition, compounds containing more than one of the above-listed 

th* r, ™* * be us e d The invention also in c lu d es compo s iti ons for _ 



20 carrying out these methods, Le. 9 compositions containing a Chlamydia antigen (or antigens) of 

the invention, an adjuvant, and one or more of the above-listed compounds, in a 

pharmaceutically acceptable carrier or diluent. 

Amounts of the above-listed compounds used in the methods and compositions of the 

invention can readily be determined by one skilled in the art. In addition, one skilled in the art 
25 can readily design treatment/immunization schedules. For example, the non- vaccine components 

can be administered on days 1-14, and the vaccine antigen + adjuvant can be administered on 

days 7, 14, 21, and 28. 
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Figure 1 
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cgaagagcaa acctccacag ttacagagaa agacgtccaa cctaaaacac aagcaacacc 

acacgcttcg aagaaaaacg ttgcaagtcc ttcgacctct atg cca gga ate gag 

Met Pro Gly lie Glu 
1 5 

aaa gca^gcaw*aca aca^gt*g*«gcfe gta* cct caa^gaefeaaa#»t^c1^t.gaaMgaa^gaaw*^ 

Lys Ala^Al-a^--Thr-^Thr»-.Val^.Ala. Val Pro Gin, Asp^Lys^Se^Glu* Glw^Glu^* 
10 15 20:: 

aaa gtt aaa*»gag cga ttg aca aag v * egg gaa^ctt acc- tgt gaa^agae ett, , 
Lys Val LyswGlu.. Arg^LeuWTKr Lys*>.Arg Glu^ Leu^Thr»,ey> Glu^Asp^Leuw* 
25 * 30 35 

aaa gat aac ggc tat act gtc aat ttt gaa gac att tct att tta gag 
Lys Asp Asn Gly Tyr Thr Val Asn Phe Glu Asp lie Ser He Leu Glu 
40 45 50 

ttg ttg cag ttc gta agt aaa att tct gga acg aac ttt gtc ttt gat 
Leu Leu Gin Phe Val Ser Lys He Ser Gly Thr Asn Phe Val Phe Asp 
55 60 65 

age aac gat ttg caa ttc aat gtc acg ate gtt tec cac gat cct act 
Ser Asn Asp Leu Gin Phe Asn Val Thr He Val Ser His Asp Pro Thr 
70 75 80 85 

tct gta gat^gati^tt^tfel^aca <atcr tta cta^eaa^gtc^fcta >aaa^a>g^eat 
Ser • Val As p ^As p**Le u*S e'r** Th r I le Leu~**Leu&-Gl n> Val*. Xeu^Ly s Met < His 
90 V.. 95% 100. 

gac -ttg aag gtt % gtjt ga^Gaa>,gg^aat , a ae^jg t .Cf ?/ c. 1 1** a t£ * £ a g%»3 a 
Asp Leu Lys, Va%jVal^l\SkGln^ 

105^% 110^ 115:;% 



7C t^aag-gct^^trcg— a paTT^gj b ^^jte^ a ^ a , ^ga c, , agc^t cc ^ t t a^aaa^ 



c'ct"cal:~ci 

Pro His Leu . Ser^Lysj?Leu«*Ser*Thr^^ 

120 m 125^ 130:^fc 

gaa acg tgt •gaa^gct^*gtt^gtgfejgtt^acc^ pga^gtg>.t.tc cgt- x:tt^ tac^agg. 

Glu Thr Cys Glu Ala Val Val Val Thr Arg Val Phe Arg Leu Tyr Arg 

135 140 145 

cgt cag ccc tct gca gca gta aat att att caa cct tta ctt tec cat 

Arg Gin Pro Ser Ala Ala Val Asn He He Gin Pro Leu Leu Ser His 

150 155 160 165 

gat get ate gtt agt get tea gaa get act cgt cat gtt ate ate teg 

Asp Ala He Val Ser Ala Ser Glu Ala Thr Arg His Val He He Ser 

170 175 180 

gat att get ggt aat gtc gat aaa gtc agt gat ttg eta gca get eta 

Asp He Ala Gly Asn Val Asp Lys Val Ser Asp Leu Leu Ala Ala Leu 
185 190 195 



60 
115 

163 

211 . 

259 

307 

355 

403 

451.. 

4 9 9-^- 



m 



200*^ 



205^? 



gee aat ccc^gca#gc^ctt^gtt^^ 

Ala Asn Pro Ala Ala Leu Val Ser Tyr, Cys Gin Asp Val Leu Gly-Thr^ 
215 220 225 
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595 



643 



691 



739*^ 



787*-< 



Q 



ctg gcc gaa gat gat get ttc caa atg ttc ate caa cct gga acg aac 
Leu Ala Glu Asp Asp Ala Phe Gin Met Phe He Gin Pro Gly Thr Asn 
230 23S 240 245 

aaa att ttc gtc gtc tct tea cca cgt ctt gca aat aag gca gag cag 
Lys He Phe Val Val Ser Ser Pro Arg Leu Ala Asn Lys Ala Glu Gin 
250 255 260 

etc ctg aag tec tta gat gtc cca gaa atg gca cat acc eta gat gat 
Leu Leu Lys Ser Leu Asp Val Pro Glu Met Ala His Thr Leu Asp Asp 
265 270 275 

cct gca agt act gcc ttg get ttg gga gga aca gga acc acg age cct 
Pro Ala Ser Thr Ala Leu Ala Leu Gly Gly Thr Gly Thr Thr Ser Pro 
280 285 290 

aag agt ttg egg ttc ttt atg tac aag ctg aag tat caa aat gga gaa 
Lys Ser Leu Arg Phe Phe Met Tyr Lys Leu Lys Tyr Gin Asn Gly Glu 
295 300 305 

gtg att get aat gcc etc caa gat ate ggt tac aat eta tat gta acc 
Val He Ala Asn Ala Leu Gin Asp He Gly Tyr Asn Leu Tyr Val Thr 
310 315 320 325 

aca get atg gac gaa gat ttc att aac act etc aat agt ate cag tgg 
Thr Ala Met Asp Glu Asp Phe He Asn Thr Leu Asn Ser He Gin Trp 
330 335 340 

tta gag gtc aat aac tec ata gtt att ate gga aac caa ggg aat gtc 
Leu Glu Val Asn Asn Ser He Val He He Gly Asn Gin Gly Asn Val 
345 350 355 

gac aga gtt att ggc etc tta aac ggt tta gat tta cct cct aaa cag 
Asp Arg Val He Gly Leu Leu Asn Gly Leu Asp Leu Pro Pro Lys Gin 
360 365 370 

-gtt—t^ — ^Kr- 0 ^ A-rjt- t- 1. 1. a ^ t4^cta-qa t .acc-agc— 1 1 a_qaq aaa_ tec, tgg_ 
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931 



979 



1027 



1075 



1123 



1171 



1219 



L2.6.7- 



ru 

LQ. 



Val Tyr He Glu Val Leu He Leu Asp Thr Ser Leu Glu Lys Ser Trp 
375 380 385 

gac ttt gga gtg caa tgg gta gcc eta ggt gat gaa caa agt aaa gta 
Asp Phe Gly Val Gin Trp Val Ala Leu Gly Asp Glu Gin Ser Lys Val 
390 395 400 405 

get tat get tct gga eta ttg aat aat act ggc ata gcc aca cct aca 
Ala Tvr Ala Ser Gly Leu Leu Asn Asn Thr Gly He Ala Thr Pro Thr 
410 415 420 

aaa gca act gtc cct ccc ggc acg cca aat cct ggt teg ate cct ctt 
Lys Ala Thr Val Pro Pro Gly Thr Pro Asn Pro Gly Ser He Pro Leu 
425 430 435 

cct acg cca gga caa ttg aca ggg ttc tea gat atg ctg aac tct teg 
Pro Thr Pro Gly Gin Leu Thr Gly Phe Ser Asp Met Leu Asn Ser Ser 
440 445 450 

tea gca ttc ggt eta gga ate ate gga aat gtc eta agt cat aaa ggg 
Ser Ala Phe Gly Leu Gly He He Gly Asn Val Leu Ser His Lys Gly 
455 460 465 

aag tct ttc ctt act ttg gga ggc tta tta agt gcc tta gat caa gat 
Lys Ser Phe Leu Thr Leu Gly Gly Leu Leu Ser Ala Leu Asp Gin Asp 
470 475 480 485 
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1363 
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gga gat act gtc att gtc ttg aat cct aga ate atg get cag gat acg 1603 
Gly Asp Thr Val He Val Leu Asn Pro Arg He Met Ala Gin Asp Thr 
490 495 500 



caa caa get teg ttt ttt gta ggg caa acg gtc cct tac caa act ate 
Gin Gin Ala Ser Phe Phe Val Gly Gin Thr Val Pro Tyr Gin Thr He 
505 510 515 



1651 



a a a t a c t afe^a tQ>,c aa^g aa^a ca^g gajva ct - gta-. a egme.aa^a afcitta t e^.ga tr*i£t ate?% 
Ly s Tyr Tyr ^1 le^Glh *Glu . Thr*> Gly Thr* Val* Th'r* Gl^^Asn^I le^Aspj^Tyr^ 
520 525 530** 



1699 



gaa gat att. gga*«g ; feg.- aac ctt gt.e. gtt ace tefc* aca.*g,t^gctv/cce*aae^ 
Glu Asp He;*G^ 

535 540 545 



1747, 



aat gta gtt aca eta caa ate gaa cag acg ate tea gaa tta cat tec 17 95 

Asn Val Val Thr Leu Gin He Glu Gin Thr He Ser Glu Leu His Ser 
550 555 560 565 

gcg tct gga tea eta aca cct gtc aca gat aaa act tat gca gec aca 1843 

Ala Ser Gly Ser Leu Thr Pro Val Thr Asp Lys Thr Tyr Ala Ala Thr 
570 575 580 



rrz- . 



cgc tta caa att ccc gac ggt tgt ttc tta gtt atg agt ggg cat ate 1891 
Arg Leu Gin He Pro Asp Gly Cys Phe Leu Val Met Ser Gly His He 
585 590 595 

aga gat aaa^acfe ^aca^aaa^gtgv^gtt^tca^gga|igtgr -cct.vttg .ctanaae^cc 1939 
Arg Asp Lys Thr^Thr . Lys .VaMal Ser Gly Val%Pro^Leu^Leu^Asn^Ser^ 

600 - 60S,; . . - 61Q 

ata cca tta at^egt^ggt^tta^ 1987 
He Pro Leu He- ArgtLGly^^ 

615 620 - 625" 



aaa cgc^^t^ti 3 ^;frg:ra^^ 2(V3 £a 
Lys Arg Asn^Ile^Met^Mefci&Phe^n He' Se^Ser^Phe«» : 

630 635* 640^ 645l#K 



gaa gaa ggc-act cgfc^gtt~*acc ;; ;aat $aag gaa v ,gga tac,aga.,tac aat^gg 
Glu Glu Gly Thr Arg Val Thr Asn Lys Glu Gly Tyr Arg Tyr Asn Trp 
650 655 660 



2083 



gaa get gat gaa gga tec atg caa gtg gec cct cge cat get cct gaa 
Glu Ala Asp Glu Gly Ser Met Gin Val Ala Pro Arg His Ala Pro Glu 
665 670 675 



2131 



tgc caa gga cct cct tct tta cag get gaa agt gac ttt aaa ata ata 217 9 
Cys Gin Gly Pro Pro Ser Leu Gin Ala Glu Ser Asp Phe Lys He He 
680 685 690 

gaa ata gaa get cag tagtggtata taaaagagga agatgatatt ctccgccgtg 2234 
Glu He Glu Ala Gin 
695 

gaatagcttc tgactctgtt -gcattecaggg^ggaaagejsa^^ 

ataact. . 2300 J; 
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Figure 2 

Restriction enzyme analysis of CPN1 00538 



Mnll 
Maelll I 
MboII I I 

Hin4I I Taal I 

I I 



Aatll 
BsaHI I 
Maell I 
BplI I I 

I I I 



Bsbl 



CGAAGAGCAAACCTCCACAGTTACAGAGAAAGACGTCCAACCTAAAACACAAGCAACACC 

+ + + + + + 60 

GCTTCTCGTTTGGAGGTGTCAATGTCTCTTTCTGCAGGTTGGATTTTGTGTTCGTTGTGG 



Fnu4HI 
Tsel 
Bcgl 
Hpyl78III 
Taql 



CviRI 

NspV Bcgl I 

Taql MboII | 

Tthlllll I Acll I I 

Mmel I I Bcgl Maell I I 

I III I II 



Taql 
I 



Hinf I 
Tfil 
Bcgl 
Mnll 
ScrFIi 
EcoRII I I 
I I I 



ACACGCTTCGAAGAAAAACGTTGCAAGTCCTTCGACCTCTATGCCAGGAATCGAGAAAGC 



61 



-+ 120 



TGTGCGAAGCTTCTTTTTGCAACGTTCAGGAAGCTGGAGATACGGTCCTTAGCTCTTTCG 



Hpyl78lII 
Smll 
Rsal 
TspRI 



AlwNI 



Faul 
St hi 32 T 



121 



Eco57I 
MboII I 

Hpyl88IX Msel I I 

Mnll i MboII I I I 

II II t I 

AGCAACAACAGTGGCTGTACCTCAAGACAAATCTGAAGAAGAAAAAGTTAAAGAGCGATT 

+ + + + + + 180 

TCGTTGTTGTCACCGACATGGAGTTCTGTTTAGACTTCTTCTTTTTCAATTTCTCGCTAA 



CviJI 
Bbvl I 
Taali i 
Bce83I I I I 
I I 



181 



MboII Bcefl 
Bbsl I Tsp509I I 

Acil Msel I CviJI Taal I I 

f I I I I I I 

GACAAAGCGGGAACTTACCTGTGAAGACCTTAAAGATAACGGCTATACTGTCAATTTTGA 

+ + + + + + 240 

CTGTTTCGCCCTTGAATGGACACTTCTGGAATTTCTATTGCCGATATGACAGTTAAAACT 



241 



Hpyl78III 

MboII Apol I 

Bbsl I CviRI Tsp509I I 

II I II 

AGACATTTCTATTTTAGAGTTGTTGCAGTTCGTAAGTAAAATTTCTGGAACGAACTTTGT 

+ + + + ;+ + 300 

TCTGTAAAGATAAAATCTCAACAACGTCAAGCATTCATTTTAAAGACCTTGCTTGAAACA 

35 



RY41 101998 



BsiEI 
Pvul 
Dpnl | 
Sau3AI t I 
Hpyl78III I 1 I Dpnl 
TspS09I-" Maelll I I I I Sau3AI I 
CviRII Tsp4 5l II II Alwl, | | Sfcl 
II I I I I I I II I 

CTTTGATAGCAACGATTTGCAATTCAATGTCACGATCGTTTGCGACGA^eCTAGTTCTGT 

GAAACTATCGTTGCTAAACGTTAAGTTACAGTGCTAGCAAAGGGTGCTAGGAa?GAAGACA 



Nlalll 

HaelV Nsil I 

Hin4I Msel CviRI i | 

I I III 

AGATGATTTATCTACAATCTTACTACAAGTCTTAAAAATGCATGACTTGAAGGTTGTTGA 

361 + + + + + + 420 

TCTACTAAATAGATGTTAGAATGATGTTCAGAATTTTTACGTACTGAACTTCCAACAACT 



01 
Q 



Alul 
CviJI 
Ddel I 
Mnll | 



Maelll 
Tsp45I 
Taal | 



Maell 

I till 
AGAAGG@A»0VAJK(5GTCCTTATCTATCGTAATCCTCATGTTTCTAAGG-TATCCACAGTAGT 

421 ■ + — -~ + — +- +— — "+ . — + 

TGT.TCCGTTATTGCAGGAATAGATAGCATTAGGAGTAGAAAGATTCGATAGGTGTCATCA 



480 



Alul 



Afllll 
MaeM: 

Acein I 



-eviJI./Ma-erT^ 



4= 



Alul BsfeEII 
-Gv ^ JI Maelll Av& k: 



Sthl32I 



I I I I I II II 

CACAGAG&G&T.GC^TAS^ 

GTGTCTGTCGAGGAJAtoTvTTCT^ 



BsaHI CviJI 



Mnll 
PstI 
Fnu4HI 
CviRI | 
Tsel I 
Sfcl I I 
I I I 



Bbvl 
Sspll 
t I 



SfaNI 



Eco57l 
Nlalll | 
1 I 



AATfGTCCGCAGTCGGGAGACGECGTCATJTTAT^^ 



541 ^ 



600 



Alul_ ' 
CviJI 
Mwol | 
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Hpyl88IX 1 I Nlalll Hpyl88IX TaqI 

III I I I 

TATCGTTAGTGCTTCAGAAGCTACTCGTCATGTTATCATCTCGGATATTGCTGGTAATGT 

601 + + + + + + 660 

ATAGCAATCACGAAGTCTTCGATGAGCAGTACAATAGTAGAGCCTATAACGACCATTACA 



Hpyl78III 
Bfal | 
Xbal 
Alul 
CviJI 
Fnu4HI 
Tsel 
Cac8I || I Mi 
Bfal I II I Ml 



ScrFI 
BsaJI I 
EcoRII I 
I 1 



661 



Nhell I I I I I I lAcelll 
TspRI IM II I Ml Bbvll | I MslI Nlalll 

I I M II I I I I INI I I 

CGATAAAGTCAGTGATTTGCTAGCAGCTCTAGATTGCCCAGGCACATCTGTGGACATGAC 

+ _ + + + + + 

GCTATTTCAGTCACTAAACGATCGTCGAGATCTAACGGGTCCGTGTAGACACCTGTACTG 



720 



Msel 



Faul 
Sthl32I 
Alul 
CviJI 
Fnu4HI 
Tsel 1 
Acil I I 
Mwoll .1 I 



Acelll 
Alul 
CviJI 
Bbvl I 



Xcml 



721 



1 II M III M I 

TGAATACGAAGTTAAATATGCCAATCCCGCAGCTCTTGTTAGCTACTGCCAAGATGTTCT 

+ + + h + + 

ACTTATGCTTCAATTTATACGGTTAGGGCGTCGAGAACAATCGATGACGGTTCTACAAGA 



780 



CviJI 
Haelll 

SfaNII ^ 
Rsal EaelM MboII ScrFI Apol 

Bcgl IGdillM Fokl I Bcgl EcoRII I Tsp509I 

I I I II II I 'I 1 

TGGTACTCTGGCCGAAGATGATGCTTTCCAAATGTTCATCCAACCTGGAACGAACAAAAT 

781 + + + + + 

ACCATGAGACCGGCTTCTACTACGAAAGGTTTACAAGTAGGTTGGACCTTGCTTGTTTTA 



+ 840 



841 



BsmFI 
Hpyl78III 
AlwNI I 
Alul i I 
CviJI I I Ddel 
Fnu4HI I 1 lAcelll I 
CviRI Mwol Tsel I I II Bbvl 1 | 
I I Mill 111 

TTTCGTCGTCTCTTCACCACGTCTTGCAAATAAGGCAGAGCAGCTCCTGAAGTCCTTAGA 

+ + + + + + 

AAAGCAGCAGAGAAGTGGTGCAGAACGTTTATTCCGTCTCGTCGAGGACTTCAGGAATCT 

37 



HphI 
Mmel I 
MboII I I 
I I I 



Maell 
Earl | 
BsmAI I ! 
BsmBI | | 
I I I 



900 
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v 



BsaJI 
BstAPI I 
Mwol I 
Dpnl Rsal I I 

Sau3AI I Seal | I 

BslX Alwl I 1 TatI II ICviJI 

Eco5.7^ 1 Bfal^ I I CviRI**, [ I I Styl Mnli 

| | I II I I I I I I 

TG$e<SeAGAAA^GGGA©AT<A<3Ge™ 




Ddel 
Banll | 
Bspl286I| 

BssSI I I Rs^I 

Drdll I • It BsrGI I Alul 

NlaIV| ICviJI | I Acil TatI [CviJI 

III III I It I 

AACAGGAACCACGAGCCCTAAGAGTTTGCGGTTCTTTATGTACAAGCTGAAGTATCAAAA 



961 



+ 1020 



TTGTCCTTGGTGCTCGGGATTCTCAAACGCCAAGAAATACATGTTCGACTTCATAGTTTT 



Q 



Eco5»7.^ 

T GG AG AAG H^a^iT^ 
1021 — — fr-^— 



Maelll 
Mnli 1 
EcbRV4|ll^ I 
I I I 



Ma^MtPU'. 
I 

^^1ATA<B@ 



Alul 
CviJI 

Ms'-Mv- 
I 



-+ 1080 



Bci&<p9fc 



m 



MboII'^ 
Ms^I%*| 
I I 



Mri&*I I 

BSEfl^ I I 

I I I 



BstXI 

T. 

1081 ATACCTGCTTCTAAAGTAATTGTGAGAGTTATCATAGGTCACCAATCTCCAGTTATTGAG 



+ 1140 



Hindi 
Accl | CviJI 
BsaJI Taqll Hael . Mnli 

Hpyl88IX Styl Sail I I HaelllMsel Taal 

II III III 

CATAGTTATTATCGGAAACCAAGGGAATGTCGACAGAGTTATTGGCCTCTTAAACGGTTT 

1141 + + + + + + 1200 

GTATCAATAATAGCCTTTGGTTCCCTTACAGCTGTCTCAATAACCGGAGAATTTGCCAAA 



Hpy/lj7f8 T>m " AMSflfcilfr 
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Bfal 
Avrlll 
BsaJII 

ScrFI BsmFI Styl | 

BsaJII CjePI CviJI | 1 Alul 

EcoRIIII CviRII BsrDI | || HphI CviJI 

ATCCTGGGACTTTGGAGTGCAATGGGTAGCCCTAGGTGATGAACAAAGTAAAGTAGCTTA 

1261 + + + + + + 1320 

TAGGACCCTGAAACCTCACGTTACCCATCGGGATCCACTACTTGTTTCATTTCATCGAAT 



BspGI 
CjePI! 
Hpyl78III| 
I I 



CviJI CjePI 
BsrI | BsmFI I 
II II 



Mspl 
BsaXI Neil 
Taal I ScrFI 
I I I 



1321 



TGCTTCTGGACTATTGAATAATACTGGCATAGCCACACCTACAAAAGCAACTGTCCCTCC 

. i _x (. — — — — — + 1380 

ACGAAGACCTGATAACTTATTATGACCGTATCGGTGTGGATGTTTTCGTTGACAGGGAGG 



81 
O 



Dpnl 
Sau3AI 
MboII 
. . TaqI 

Drdll 
Alwl 



Mnll 
Sthl32I 



-€ac8^ 



ScrFI I 
BslII I 
Pf 1MI | | 

-EcoRHH-H- 



Munl 
Tsp509I 
ScrFI 
BslI 



EcoRII 
EcoNI | 
Mnll I 
EarT U- 



Hpyl88IX 
Ddel | 



m 

m 



ii i i i i i i t i i i i i i \ r~r 

CGGCACGCCAAATCCTGGTTCGATCCCTCTTCCTACGCCAGGACAATTGACAGGGTTCTC 



1381 



+ 1440 



GCCGTGCGGT 



TTAGGACCAAGCTAGGGAGAAGGATGCGGTCCTGTTAACTGTCCC/^AGAG 



Hpyl88IX 
Hinfl I 
Tfil I 
Bfal I I Ddel 

II I I 

AGATATGCTGAACTCTTCGTCAGCATTCGGTCTAGGAATCATCGGAAATGTCCTAAGTCA 

1441 + + + + + + 1500 

TCTATACGACTTGAGAAGCAGTCGTAAGCCAGATCCTTAGTAGCCTTTACAGGATTCAGT 



BseMII Earl 
MboII ITaqll I BsmI 

I I 1 I I 



Hpyl78III 
Dpnl I 

BslI Sau3AI I I 

Mnll I CviJI Msel Ddel I I I Bed 
| | | II I I I I I 

TAAAGGGAAGTCTTTCCTTACTTTGGGAGGCTTATTAAGTGCCTTAGATCAAGATGGAGA 



XmnI 



1501 



1560 



ATT' 



TCCCTTCAGAAAGGAATGAAACCCTCCGAATAATTCACGGAATCTAGTTCTACCTCT 
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Taal Hinfl Hinfl 

BsaXI t Tfil Tfil 

Hin4I | Hpyl78III i Bfal | 
i I I!" I I 



Hpyl78III 

BpulOI I 

Ddel | 

CviJI | | 

BciVI | ] | 

Nlallll I I 

IN I 



Alul 
CviJI 
Hindi I I I 
BseMIIl I 
t I I 



BsmFI 



TACTGTCATTGTCTTGAATCCTAGAATCATGGCTCAGGATACGCAACAAGCTTCGTTTTT 

156-1- — .-.-.-.+-— — + --.- 1 -----*m— — .+>•-. — ■ 1620 

ATGACAGTAA0AGAACTTAGGATCTTAGT*A r e<SGAG!FeCT^^^ 



NlalV 
Avail I 
Sa-u-961 I 
Taal I 
I I 



MaeOakl 
Taa^I- 
AlwNI | 
I I 



TGTAGGGCAAACGGTCCCTTACCAAACTATCAAATACTATATCCAAGAAACAGGAACTGT 

162 1 + + + + + ■ + 1680 

ACATCCCGTTTGCCAGGGAATGGTTTGATAGTTTATGATATAGGTTCTTTGTCCTTGACA 



9 

Q 

m 



Clal 
TaqI 



Mnll 
BsaXI I 
Taal | I 

MboII Maelll Sfcl 1 I I 

I I till 

AACGCAAAATATCGATTATGAAGATATTGGAGTGAACCTTGTCGTTACCTCTACAGTTGC 

168 i v---- — — +i~ — + 1740 

TTG(SGT*T^AroW3<^ 



Hga^ 



Hpy^;$*X|»l 
Dpnifki I 

Tag^ samnmi I 1 



I 1' I I- 



Tha*!^ 

ACOJ^I 



r~ 

AGG.G^GTt^A©^ ~ 



Dpnl 
Sau3AI I 
Hpyl78IIIl I 
I I I 



Maelll 
Tsp45I 
Alwl I 
I I 



CviJI 
Fnu4HI I 
CviRI | | 
Tsell I 
I I I 



Hpyl78III 
Apol 1 
Tsp509l | 
Bbvl | | 
I I I 



TGGATCACTAACACCTGTCACAGATAAAACTTATGCAGCCACACGCTTACAAATTCCCGA 

1801 + + + + + + 1860 

ACCTAGTGATTGTGGACAGTGTCTATTTTGAATACGTCGGTGTGCGAATGTTTAAGGGCT 



Sthl32I 

Taal | Ddel Hpyl88IX Hpyl78III 

II I I I 

CGGTvTjSTVTrTS^ AGT»TAITvG AG^ 

1861 1920 

GG©A&@AAKG?^T<<SA^ 



Tsp509I 



Bc2> 



40 



RY41 101998 



Msell I RsaI 1 

Vspli I CviJI I I 

II I I I 1. 



AGTGCCTTTGCTAAACTCCATACCATTAATTCGTGGTTTATTTAGCCGTACCATCGACCA 

. — -i- ~" — — .— — — — -f- X 9 o U 

-iQ91 — — + h 1 T 

TCACGGAAACGATTTGAGGTATGGTAATTAAGCACCAAATAAATCGGCATGGTAGCTGGT 



Nlalll 
Hpyl78III I 
Real I I 
I I I 



Bsu36I 
Ddel 
CviJI I 
Msel I I 
I I I 



HphI 
Alul | 
CviJI I 
I I 



198 



AAGGCAAAAACGCAATATCATGATGTTTATTAA^ 2Qaq 
1 TTCCGTTTTTGCGTTATAGTAC^ 



m 



rd 



MaelXI 
MboII I 
BssSI I I 
1 I I 



BciVI 
I 



Dpnl 
NlalV 
BamHI 
BstYI 
Sau3AI 
HaelV 
Hin4I 
Alwl | 
Alul I I 
CviJI I I 



2041 



Muni 
Tsp5091 

I i I 

AGGCACTCGTGTTACCAATAAGGAAGGATACAGATACAATTGGGAAGCTGATGAAGGATC 

, j_ _ f- — — ~t ~~ ^~ — "~ — — ' 2.LVJU 



NlalV 
CviJI 
Haelll 
Sau96I 
BstXI 
MslI 



Avail 
EcoO109I 
Psp5II 
Sau96I 
Sse8647I 
BsmI 1 

BsaJI I I CviJI 
Styll I Mnll I 

II I II 

CATGCAAGTGGCCCCTCGCCATGCTCCTGAATGCCAAGGACCTCCTTCTTTACAGGCTGA 

* 101 GTACGTTCACCGGGGAGCGGTACGAGGACTTACGGTTCCTGGAGGAAGAAATGTCCGAC^ 



Alwl | 
CviRI I 
Nlalll I 
I 



Hpyl78III 
Mnll I 
Nlalll I I 
I I I 



Maelll 
Tsp45I 
I 



Dral 
Msel I 
I I 



Ddel 
Alul I 
CviJI | 
I 



BseMII 
Mnll | 
1 I 



Beef I 
I 



2161 



AAGTGACTTTAAAATAATAGAAATAGAAGCTCAGTAGTGGTAT ATAAAAGAGGAAGATGA 

_j + — — -) + 1- + 2220 

TTCACTGAAATTTTATTATCTTTATCTTCGAGTCATCACCATATATTTTCTCCTTCTACT 
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BS'a&I, 
BsiteDSS 
Ecil I 
AG-ill I 
Mb©*I I I I 

TA' 



2221 



Hinfl 

Xmn-14 
I ! 



BsmOfcu 
Cvi*R«Ir 



C v ±r J>L„:B cfejfrl 
I I 



+ 2280 



ATAAGAGGCGGCACCTTATCGAAGACTGAGACAACGTAAGTCCCCCTTTCGGTTCTTCTA 



m 

Q. 



Plel 
BsiEI I 



CviJI 
Haelll 
Eael 
EagI 
Gdill 
MboII I 
Hinfl 1 I 
HaeiyJjk I I 
Hin4I I I I 
II II 



GTAGAGTCGGCCGTATAACT 

2281 — --^ + -rw-«* + 230.0. 

CATjG'TGAGGgjGgGATATTGA U» 



fu 
m 



42 
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